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Abstract 
Currently, there are many management issues in emergency department, such as long time waiting caused by unreasonable 
procedure, the unbalance utilization of doctors and nurses and so on. This study’s aim is to evaluate resource allocation for 
optimal use of medical workers for adjusted registration procedure in West China Hospital of Sichuan University. The author 
used data he collected to construct a stimulation model of registration procedure for West China Hospital. Through analyzing 
the parameters after operating the model, the model’s efficiency can be evaluated. Then the author designed new registration 
procedure based on the deficiencies of the old model and used compute-assisting method to find the optimal allocation of 
resources. The original emergency department registration process needs 104 hours nurses’ working, and the cost of new 
process is 96 hours. It is 8 hours working hours less compared to the original process after we optimized the procedure. 
According to the analysis of waiting time for each stage, both average waiting times in preview triage area and registration 
office were reduced in new procedure, especially in the peak period during the day (8:00 to 16:00). This thesis makes 
simulation modeling about the registering system in the Emergency Department of West China Hospital and designs the new 
registering procedure. In the end, the resource utilization rate and the patients’ waiting time of the new procedure are more 
satisfying than the primary one. 
© 2016 The Authors. Published by Elsevier B.V.  
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1.Introduction 
Emergency Medical Services[1-4] is an emerging professional discipline in the field of modern medicine. In 
China, it was started since 1950s but most researches on Emergency Department still remain in qualitative 
analysis level nowadays. Due to Emergency Department is a real-life health service system[5-7] with a lot of 
uncertainty and randomness, using discrete event simulation[8] based on software is a suitable method to simulate 
and optimize the original system. Recently, it has been proposed as a very flexible alternative modeling approach 
for the evaluation of competing health care interventions.[9-11] The basic method of system simulation[12-14] 
is to build a system structure model and the a quantitative analysis model, then convert them to fit on a simulation 
model that can be programmed in computer. It is a comprehensive method, combined with system theory, 
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probability theory and computer technology. It has a wide range of application in the field of academic research 
and enterprise[15]. In recent years, the idea of system simulation model is introduced into the medical industry 
especially for the hospital resources management and process management. 
  The roles of simulation includes: (1)The simulation process is the course of experiment, and is also the process 
of systematically collecting and accumulating information. Especially for some complex random problems, 
application of simulation technology is the only satisfactory way to provide the required information. (2)For 
some object system that is hard to build up physical model or mathematical model, we can solve the problem of 
predication, analysis and evaluation system by the help of simulation system. (3)System simulation can put a 
complex system into several subsystems for the convenience of analysis. Anyway, system simulation is a 
comprehensive theory method, it combines system theory, probability theory and computer technology, and in 
the logistics industry has been widely used to solve resource allocation problem. 
2.Background 
2.1 Original Model 
Our simulation model was constructed based on the registration procedure in West China Hospital of Sichuan 
University. According to the regulations in the hospital, the patients who enter the emergency department must 
first accept the preview triage disposed by the examination of clinical nurses. In this period, nurses will help the 
patients to do some checking of vital signs and make sure which department the patients should go to. After that, 
patients will pass registration office and then wait in the hall. As the pre-examination triage area is the first part 
patients are going to see when they enter the emergency department building, so the majority of people no matter 
if he is a clinic patient or just a patient’s family member consulting information both will first stay in the pre-
examination triage area. Figure 1 provides a summary of the activities that comprise a patient’s flow through the 
registration process in the hospital. 
Figure 1  The flowchart of registration procedure in emergency department 
 Preview triage area is taken care of by the triage nurses, their main job is to examine patients’ vital signs, and 







Wait in the hall
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service 24 hours a day, so each position has shifts that guarantee every position has at least one nurse at any time 
of the day. The nurse position generally divided into three shifts: morning shift is from 8:00 to 16:00, middle 
shift is from 16:00 to 24:00 and late shift is from 0:00 to 8:00. Registration office here is a little different from 
others. It not only provides service for people from the triage area to register but also is the fee collector of 
emergency department. This department’s staff shall be the financial people that are responsible for two service 
windows. After registration, patients will wait in the hall. Nurses’ work schedule is shown as Table 1. 
Table 1  Scheduled table for different nurses 
Time period 
Nurses in Registration 
office 






Our simulation model is based on a data set collected and compiled over a week in 2013. We used the collected 
data in a week to analyze which distribution of arrival time patients the data are going to obey. There are two 
places in the system which need to be analyzed on distribution of patients’ arrival time: one is in the preview 
triage area, the other is the distribution of patients’ or patients’ family member’s arrival time in the registration 
area. We recorded the number of patients that arrived at preview triage area in different hours a day from April 
1st to April 7th. Actually in Table 2. According to the survey, we found two-thirds of patients left hospital after 
they were served by the preview triage nurse. As for the registration office, one part of the patients are from the 
preview triage area to get registered, another part come here to pay the fees. The number of former part can be 
acquired from Table 2, and the number of later part is two times of the former’s according to the record. 
Table 2  The data distribution of patients’ arrival in each hours of the day  
Time Apr 1st Apr 2nd Apr 3rd Apr 4th Apr 5th Apr 6th Apr 7th
0-1 7 14 15 7 13 15 6 
1-2 8 10 14 6 7 11 5 
2-3 4 13 11 6 4 10 6 
3-4 8 4 8 3 9 6 7 
4-5 8 5 8 3 5 6 7 
5-6 2 3 6 1 2 3 8 
6-7 7 5 3 4 8 6 4 
7-8 8 3 3 14 7 6 7 
8-9 15 12 14 13 12 8 14 
9-10 32 17 17 24 16 22 9 
10-11 20 16 28 27 26 26 9 
11-12 20 26 25 24 22 24 7 
12-13 24 21 13 18 25 22 16 
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13-14 18 20 20 29 20 28 14 
14-15 31 26 18 19 17 28 11 
15-16 14 24 21 25 27 21 13 
16-17 15 20 29 29 31 25 29 
17-18 17 19 15 25 28 18 20 
18-19 23 20 24 21 19 19 13 
19-20 34 13 21 26 21 25 23 
20-21 27 29 19 32 37 25 33 
21-22 22 24 22 19 27 24 15 
22-23 28 25 24 28 25 20 20 
23-24 14 19 11 19 17 22 22 
3.Method 
3.1 Simulation Model 
We developed our simulation model through an iterative process involving model construction, attaining 
feedback from those involved in the management of the registration process in emergency department, 
incorporating the feedback into the model, refinement, and validation. We constructed the discrete event 
simulation model by dividing the system into several separate module as mentioned before. Model parameters 
and sources are organized in Table 3. 
  Patient schedules were generated by using different time distribution to fit the data set we recorded. We assume 
arrivals are stochastic and may vary among clinical environments for a variety of reasons. The service time in 
different stages can be acquired by consulting expert’s or doctor’s opinion in the hospital. Model parameters and 
sources are organize in Table 3. 
Table 3  Summary of model parameter sources 
Parameter Time Distribution Source 
Patient 1 arrival Scheduled Data set and Expert opinion 
Triage area DISC(0.6,1,0.9,2,1,4) Data set and Expert opinion 
Registration office TRIA(0.5,1,2) Data set and Expert opinion 
Patient 2 arrival Scheduled Data set and Expert opinion 
3.2 Simulation Analysis 
  After repeating operating our simulation model, we got some important operation index. The number of entities 
entered our simulation system including Patient 1(patients to get registered) and Patient 2(patients to pay fees) is 
6940, that is to say about 1000 people come to the emergency department every day. 
  Table 4 shows the indicators about two kinds of resource’s utilization. These two types of utilization is roughly 
around 0.6 in the diagram, the triage nurses’ utilization ratio is 0.57, and the registration office nurses’ is 0.6. 
Compared to the data in other literature, these two numbers are relatively high.  
Table 4  Two kinds of resource utilization indicators 
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 Instant utilization Scheduled utilization 
Triage nurse 0.52 0.57 
Registration office nurse  0.56 0.60 
Table 5 is the indicators of average waiting time in each service link among the simulation system. After 
communicating with the managers of the department, we found the simulation results were quite close with what 
they were expected. Patients spend more waiting time in Preview triage area on average 4.5 minutes and the 
average queue waiting people is up to 3. As for the registration office, average waiting time is 1 minutes.
Table 5  Patients’ average waiting time and average queue length 
 Waiting time Number waiting 
Registration office queue 0.89 0.76 
Triage area queue 4.53 3.12 
All of these indicators are average number in 7 days. But in real condition, the number of patients’ arrival 
varies a lot in different hours. Resource utilization reflects the average value among the whole operation period, 
it can not shows the change of utilization indicators of a day. In order to find the law of resource usage, we divide 
our simulation model into three periods according to time. It starts from 0:00 and allocates 8 hours for each period. 
Table 6 shows the indicators of resources utilization in three different periods. From the table we can see that 
almost all of the resource utilization stayed at peak between 8:00 to 16:00 and the utilization rate of 16:00 to 
24:00 was a bit lower. During the period of 0:00 to 8:00, the two utilizations were both the lowest among three 
periods, and the triage nurses’ utilization fluctuates a lot in a day.  
Table 6  Indicators of resources utilization in different periods 
 0:00-8:00 8:00-16:00 16:00-24:00 
Preview triage area 0.10 0.87 0.59 
Registration office 0.36 0.77 0.58 
Supplementary Table 1 shows the patients’ waiting time in each service stage among the simulation system 
respectively . From Supplementary Table 1, we can see patients who come to emergency department during 8:00 
to 16:00 spend more waiting time than the other two periods. 
3.3 New model 
  By analyzing the original simulation model, we know patients spend most waiting time in the preview triage 
area. It cost patients about 5 minutes to wait before they get examined by the triage nurses, while in the 
registration stage 1 minute is the average waiting time. So in the peak period of the day, congestion phenomenon 
will be quite serious in emergency department. Besides, the allocation of resources in the hospital may also need 
to be improved. We considered changing the procedure to improve our system’s comprehensive benefits. Figure 
2 is the new procedure we designed for our simulation model. 
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Figure 2  New procedure for simulation model 
In the new procedure, patients will first come to the information desk. Information desk mainly provides the 
information about emergency department for patients and patients’ family members. As a result, the average 
service time of this stage for each one is quite short. Through investigation and observation, We found the 
distribution of service time basically obey the following law: Min (0.25,0.5,1). As its service time is quite short, 
we allocate only one nurse here. After patients passing the information desk, they will go through the registration 
office and preview triage area in turn. Finally patients will wait in the hall to be transferred to a department to 
see a doctor. The most obvious change is that in our new system, patients can choose whether they need to go to 
the preview area after they get registered in the registration office. We have made some investigation and field 
research to find its possibility. Actually, many patients know which department they should go to see a doctor 
before they come to the hospital. In our new system, we planned to give patients the right to choose whether to 
get examined in the preview triage area after registration. In order to acquire the proportion of these patients that 
choose not to get examined in the preview triage area, we issued a relevant questionnaire on the Internet. 
Supplementary Table 2 shows two key questions in the questionnaire and the collected data. According to 
the questionnaires, about 60% of the patients know exactly the Treatment Room they should go already before 
the Pre-test Triaging. And 66% of these patients would skip the Pre-test Triage Department to shorten the time. 
Multiply these 2 figures and we get the figure for the simulation which is 39%. It proves acceptable after sampling 
survey 30 patients. At the second judgment module, the final patient flow for Pre-test Triage Department is 15.25% 
(0.25 * 0.61 = 0.1525). 
3.4 Optimizing new model 
  We want to find the allocation of hospital staff resources which can generate the highest comprehensive benefit 
for our new procedure. We mainly consider two aspects: resource utilization and patients’ satisfaction (less 
waiting time). The problems of optimizing resource configuration are often solved by using multi-objective 
programming model. Generally, we will convert the original problem into linear or nonlinear mathematical 
programming model, and then find ways to solve it. Through the establishment of mathematical model method, 
in this paper we want to use quantitative methods to compare different resource allocation scheme with their final 
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   In the objective function 321 ,, xxx  represent consulting nurse, triage nurse and fee collector respectively. n 
is the number of steps in the system that patients have to stay and wait. Ti means the average time patients stay 
in each single step of the registration system. a, b, c are three kinds of unit cost for hospital staff resources and 
represented by the salary per hour per person. In objective function, the sum of former three items is actually the 
total costs spent by hospital. The last item represents patients’ costs and d is patient’s hourly wage. By consulting 
information from human resource department of the hospital and patients in the hospital we can preliminary get 
the data set of a, b, c, d. Finally, we used the average value of each data set as their value. Process of investigation 
and calculation are of no need to be described in detail here. As a result, the values of a, b, c are all 12.5 and d is 








321 255.125.125.12)(min             (2) 








321 4.02.02.02.0)(min              (3) 
  Now we need to determine the resource allocation scheme to change the average time patients stay in system 
and finally to get the minimum value for our objective function. That is the best solution we are looking for. To 
complete the optimization we need the simulation software Arena10.0[16] to help us. There is an embedded tool 
for optimization called OptQuest in Arena. It can help us to build up the multi-objective programming model and 
to find the best solution for our new model.  
  The allocation of resources in emergency department registration procedure is mainly about medical staff 
scheduling scheme. According to its scheduling periods mentioned before, we first optimized the allocation of 
resources in the period of 0:00 to 8:00 in the system. In the optimization tool, we first built up the objective 
function according to formula 1. Then we set up specific constraint conditions for each resource. Figure 3 shows 
how we set the constraints for triage nurses. 
Figure 3  Constraints for triage nurses 
 After setting the objective function and constraint conditions in the optimization tool, we clicked the run button 
and Figure 4(a) showed the curve of optimization process. Figure 4(b) gave the optimal solutions found from 
which we can get the best solution. 
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  
(a)  The curve of optimization process                  (b) Optimal solutions found and best solution 
Figure 4 Stimulation results 
Now we have gotten the allocation of resources within the period of 0:00 to 8:00 that can generate highest 
benefit. Specifically, assign one triage nurse in preview triage area, two fee collectors in registration office and 
one consulting nurse in information desk. With the same method, we can get the hospital staff’s allocation plan 
in 8:00 to 16:00 and 16:00 to 24:00 respectively. Finally, we organized the solutions for each period into one 
table as shown in Supplementary Table 3. 
4.Results 
4.1 Comparison between the old and new process 
Using the best allocation scheme in Supplementary Table 3 to operate our new model, we can acquire average 
resources utilization and patients’ average waiting time under new procedure. These values were summarized in 
Supplementary Table 4 and Supplementary Table 5 (The number in brackets was the data for old model): 
  By comparing the resource utilizations and patients’ waiting time of old and new model, it can be found the 
triage nurses work a total of 32 hours a day in new process compared to the 64 hours a day in original process. 
For the working time of fee collectors in the registration office, it stayed the same as the original model at a total 
of 40 hours a day. As for the new added position, it needs only and at least one nurse to work there all day. 
Because these three kinds of employee wages are similar with each other (on nurse level), they can be seen as 
resources with the same cost in system. On the whole, the original emergency department registration process 
needs 104 hours nurses’ working, and the cost of new process is 96 hours labor cost. It is 8 hours working hours 
less compared to the original process after we optimized the procedure. According to the analysis of waiting time 
for each stage, both average waiting times in preview triage area and registration office were reduced in new 
procedure, especially in the peak period during the day (8:00 to 16:00). For example, during 8:00 to 16:00 average 
waiting time in preview triage area reduced from 4.75 minutes to less than 1 minute. And as for utilization, it 
also rose during the period in preview triage area. 
4.2 Discussion 
We analyze the hospital’s operating procedure by simulation modeling, which could perfectly presents the 
influence of random factors on the whole system. Taking West China Hospital of Sichuan University, the most 
competitive hospital in the western China, as the subject of study would set a guiding significance on the 
establishment of the hospital in China. During the whole research progress, certain simulation software, such as 
Arena, is employed to transform the primary realistic models into the ones that the computer could handle with, 
and the machine’s computing ability is also employed to gain the system optimization. It proves more profitable 
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than the former study based on the experience and theory when it comes to optimizing the hospital’s management. 
To sum up, the study on a particular question demands open mind which should not be limited to a single subject. 
5.Conclusions 
In this thesis, the registering procedure in the Emergency Department of the West China Hospital of Sichuan 
University is the main studying object. And the thesis particularly works on the congestion in the Emergency 
Department when the patients register and the allocation of resources. It’s impossible to use the regular 
mathematical modeling because there are strong randomness and uncertainty in the registering system in the 
Emergency Department of West China Hospital of Sichuan University. The systematic simulation is always 
employed to deal with such system problems. As a whole, the establishment of the Emergency Department’s 
subsystem is underway and there exists a great room for its operating model, construction scale and management 
to improve. The study on the hospital’s procedure is still at an early stage and the study on the optimization for 
allocation of resources requires improvement. 
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